Nickel Oxide (NiO) is an important transition metal oxide with cubic lattice structure. Among the magnetic nanoparticles, fabrication of nickel nanoparticles is often more difficult than that of the other particles. This is because they are easily oxidized. To achieve pure nickel nanocrystals, numerous methods have been conducted in organic environments in order to prevent formation of hydroxide or oxidation. In the present work, we report the synthesis of NiO nanoparticles. Magnetic properties of NiO nanoparticles with different sizes and at different temperatures are compared. The phase structures, particle sizes and magnetic properties of NiO nanoparticles have been characterized by X-ray diffraction, TEM images and Vibrating Sample Magnetometer (VSM). We collected the experimental data reported in the literature, for the same conditions, and after fitting, extrapolating and doing some calculations. The magnetization for smaller nanoparticles is bigger for the samples we consider here. This difference could be explained by the difference of surface volume ratio of nanoparticle which shows the contribution of the paramagnetic surface is more important with respect to the anti-ferromagnetism of the core for smaller particles. Also the nanoparticle at lower temperatures shows bigger magnetization.
Introduction
As we know there is a fairly big difference between the physical properties of the bulk and nanoparticles, and also among nanoparticle themselves, for the same matter [1] . Here we concentrate on the magnetic properties of NiO. It is anti-ferromagnetism up to 329 degree Kelvin and paramagnetic higher than this temperature [2] [3] .
Magnetic nanoparticles are widely used in conductive colors [4] [5], chargeable batteries [6] [7] , catalyzers [8] , opto-electronics [9] , magnetic recording devices [10] , ferromagnetic fluids [11] , magnetic resonance imaging with a high contrast, drug delivery, etc. [12] .
Nickel is one of the transitional metals that has a magnetic property in relation with its bulk state and thus has interesting applications and properties such as hydrogen storage and catalytic properties. Using various methods such as electrochemical reduction [13] , chemical reduction [14] [15] , and cell-gel [16] , one can prepare nickel nanoparticles. Recently, use of organic-metal precursors has gained a great deal of attention because it is possi-ble to control the size of particles, coordination level, crystallinity, and mono-dispersity of particles through it [17] .
Among the magnetic nanoparticles, fabrication of nickel nanoparticles is often more difficult than that of the other particles. This is because they are easily oxidized. To achieve pure nickel nanocrystals, numerous methods have been conducted in organic environments in order to prevent formation of hydroxide or oxidation. Zhang et al. have prepared Ni nanocrystals with a diameter of 20 -60 nm through degradation of nickel acetyl acetonate in oleyl amine [18] .
Among the majority of advanced technologies for fabrication of nickel nanoparticles and nickel oxide, the thermal degradation is a new method for synthesis of mono-disperse and stable nanoparticles. In comparison with conventional methods, it is far quicker, cleaner, and more environmentally friendly, and through the thermal reduction process it should be optimized for fabrication of nickel nanoparticles with different sizes and shapes, since the shape and size for particles influence its application and properties.
Fabrication Method
In this method, metal nanoparticles and the metal oxide have been prepared through thermal degradation of the metal-surfactant complex in a hot surfactant solution. This method is schematically shown in Figure 1 demonstrating the fabrication of nickel oxide nanoparticles.
We produced NiO nanoparticles with particle diameters 25 -100 nm. We observed a phase transition at 38 and a coercively as high as 700 Oe at 10 K, although the bulk is anti-ferromagnetism.
Lopez and co-workers [19] prepared nanoparticles of NiO with a diameter size of 20 -200 nm. The magnetic properties of these nanoparticles show the presence of a net magnetic moment at the surface, due to the large surface volume ratio. Magnetization measurement of 150 Angstroms size NiO was reported by Makhlouf [20] . The structure and magnetics properties of NiO nanoparticles are investigated by Rai et al. [21] too. As mentioned above many researchers produced NiO nanoparticles and investigated their magnetic properties separately. Here we are interested to compare the magnetic behavior of the various size of NiO nanoparticles with each other and also with the bulk one [22] . Therefore we collected the experimental data from the articles mentioned in the References, although we could not find enough data with the same conditions. Then we fitted and extrapolated the data and did some calculations to plot the magnetization of the nanoparticles and compared them. We were aware of this point that when we compare the magnetic behavior of a sample containing nanoparticles with a different size, some difficulties will arise, e.g. the change in the density of a sample with changing the particle size, the change of the particle size with the temperature and the change of the structural properties inside the particles with their size. According to the variety of Physical and Chemical behaviors of 4 nanoparticles, and because the nanoparticles are small, it is better to study these systems, using computer simulation techniques. 
Result and Discussion

XRD Results
The XRD pattern of nickel nanoparticles in Figure 2 demonstrates that the nickel nanoparticles have full facecentered cubic structure (fcc). Three peaks at 2θ, 45˚, 52.3˚, and 77.4˚ in nickel with a structure of fcc with planes of 111, 200, and 222 suggest the purity of nickel nanoparticles.
Nickel oxide nanoparticles were formed following the exposure of nickel nanoparticles to air after around 55 h. The XRD pattern of these particles is in the form of Figure 3 . The image shows that nickel nanoparticles have transformed completely to nickel oxide nanoparticles with a high purity.
TEM Results
The images of Transmission Electron Microscopy (TEM) are shown in Figure 4(a) . The size of nickel nanocrystals obtained by TEM has been 12 -26 nm, which is according to XRD data (Figure 4(a) and Figure 4(b) ). These particles are pseudo-spherical. It is estimated that as the temperature increases to 250˚C, the majority of organic molecules are degraded. Therefore, only trace amounts of oleile amine molecules have been absorbed onto the surface of Ni nanoparticles. The ED pattern (Figure 4(b) ) reveals that nickel nanoparticles are monocrystal. High-quality SEM images of nanoparticles show their high crystallinity. Light margins can be seen among the particles. The space between two adjacent particles is around 0.20 nm. This space includes inter planar space at the nickel plane (200) with an fcc structure. The HRTEM image illustrates nickel nanoparticles, indicating high crystallinity of nickel nanoparticles (Figure 4(c) ).
Magnetic Results
The magnetic properties of nickel nanoparticles are depicted in Figure 5 ). The bulk coercivity field (H c ) of nickel particles is 0.8 Oe, which is around 49.2 Oe for the nanoparticles. This increase is attributed to reduction in the size of nickel particles [23] . This point suggests that the magnetic properties of nickel nanoparticles are greater than those of nickel microstructures influenced by their size.
In Figure 6 and Figure 7 the magnetization is plotted against magnetic field for 10 -40 nm and 50 -100 nm for T = 10 K and T = 300 K respectively. As it is shown in the figures the relation between M and H (for H bigger than 0.5 Tesla) is almost linear. Therefore when the magnetic field is increasing, the relation between M and H is linear. The figures show that the amount of magnetization for 10 -40 nm is bigger than 50 -100 nm nanoparticles.
These differences could be explained by the difference surface volume ratio of nanoparticles which means the contribution of the paramagnetic or the effect of spines on the surface (it means: the spins increase as the particle size decreases) is more important with respect to the anti-ferromagnetism of the core for smaller particles. In Figure 6 and Figure 7 the magnetization is plotted and compared with two different temperatures. As is seen from the figures for given magnetic field, the magnetization at 10 K is bigger than 300 K which shows more ordering, particularly on the surface.
